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Likelihood model: The total log-likelihood can be decomposed into two parts representing observed estimates of fitness from wild types and mutants, respectively. Using L to represent the likelihood with subscripts to distinguish parameters and data for different subsets of genotypes, the log-likelihood of the full model can be written as: where N (0,v, x) is the probability density function for a normally distributed variable with mean zero and variance v evaluated at x, and w wt,Het,i is the i th measure of heterozygous wild type fitness. The log-likelihood function for homozygous wild type fitness is defined analogously.
The log likelihood function for the fitness of mutants for a given distribution of dominance and selection is given by
where the summation is over all T mutant genes and data i represents the two replicate measures of homozygous and heterozygous fitnesses for gene i. For each gene, the four terms in parentheses account for the likelihood of the data if the gene comes from any of the four components that comprise the compound s-distribution. Below we define each of these four likelihood sub-functions in the spirit in which they were intended by representing them as continuous functions. Because the full equations do not integrate across the distributions of both s and h, it was necessary to use discrete approximations and these will be explained later.
If the homozygous effect of the mutation is beneficial, then the likelihood of the data would, ideally, be given by
where w mut,Hom,i,j is the j th estimate (j {1, 2}) of homozygous fitness for gene i and w mut,Het,i,j is the corresponding values with respect to heterozygous fitness for the same gene. H ben (h| h(ben) , h 2 , ) is the probability density function of h values for beneficial mutations. This distribution has mean h(ben) and variance h 2 and the shape follows that of either a normal or gamma distribution. If the model is employing a gamma distribution, then it is based on the shape of a gamma distribution with mean and variance h 2 , which corresponds to a shape parameter of 2 / h 2 and a scale parameter of h 2 / . This distribution is then shifted to have the desired mean of h(ben) , rather than . We refer to as the displacement parameter; its function is to allow the skew of the gamma distribution to be determined independently from the mean. (The distribution of h is explained in greater detail below.)
The likelihood sub-functions for genes with deleterious homozygous effects are given by 
is the k th value (of 25 intervals) of h for beneficial mutations.
Modeling the distribution of h:
After specifying the average within the j th s-interval, μ h(del ), j , we also considered variation in h for each value of s. We tested two alternative distributions of h values within each interval. First, we used a normal distribution as the basis for generating the 25 values for h within each interval. Specifically, the k th value (of 25) of h within the j th s-interval was given by
where Q G (a, b, x) is the quantile function of a gamma distribution with shape parameter a and scale parameter b evaluated at x. In both the normal and gamma models, the parameter h 2 represents the variance of the distribution. In the displaced gamma model, is the mean of the gamma distribution, but the h del,k values are displaced to have mean
The dominance coefficients for beneficial mutations were generated in a similar manner except that the mean dominance value, h(ben) , was assumed to be independent of s. For normal-based models, the dominance values are given by
For gamma-based models, the dominance values are given by
In Model 7, we allowed variance in h of beneficial mutations to differ from the variance in h of deleterious mutations by a factor 2 . This was accomplished by using a modified version of the equation for the dominance of beneficial
Finally, we built upon Model 7 to ask whether the variance in h for the deleterious mutations depends on the strength of selection. To do so, we modified the equation for the dominance of deleterious mutations by using the parameter as
Because we have used discrete approximations, the realized moments of the h k values are not exactly equal to the moments of the continuous distributions from which they were generated, though they are reasonably close. When we report means and variances of the h distribution, we calculate these from the realized h k values; when we are referring to the parameters of the model from which these were derived, we specify those parameters, i.e., 1 , 2 , h 2 , and .
Finding maximum likelihood values:
Because of the number of parameters involved, we used a multi-step approach to help ensure that we were finding global maximum likelihood values rather than local maxima. For each model, we began with a random set of parameter values, then using the optimization function optim in R (R Development Core
Team 2009), we performed repeated optimizations using the Nelder-Mead algorithm. This algorithm is fairly good at moving out of local maxima. When no further improvement could be gained using the Nelder-Mead algorithm, we then performed a final optimization using the quasi-Newton method, BFGS. For each model, we repeated this entire process from 100 different initial random starting points. Typically, the best 30-40 results for each model were very similar, suggesting convergence on the global optimum.
Trimming the data
As described in the main text, the data were filtered in an attempt to eliminate dubious values. In the final stage of filtering, genes were sorted into deciles with respect to homozygous fitness (averaged across both replicates). Within each decile, genes in the top 2.5% and bottom 2.5% with respect to heterozygous fitness were eliminated. The figure below shows heterozygous fitness plotted against homozygous fitness (in both cases, averaged across replicates). Points in red were eliminated from data set by the criteria of this final filter. The dashed line is the 1 to 1 line. As intended, this filter eliminated a number of points for which heterozygotes appeared to be strongly deleterious yet their corresponding homozygotes appeared to be nearly wild-type.
